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SATELLITE VALIDATION OF COLUMN-AVERAGED METHANE ON 
GLOBAL SCALE: GROUND-BASED DATA FROM 15 FTIR STATIONS 
VERSUS LAST GENERATION ENVISAT/SCIAMACHY RETRIEVALS
Previous work has shown that the precision of ground-based mid-infrared (MIR) FTIR 
spectrometry is sufficient to detect day-to-day variability of columnar methane, while first 
retrievals from ENVISAT/SCIAMACHY (channel 8) satellite measurements were impacted 
by a significant time-dependent bias due to detector icing (Sussmann et al., 2005). This 
prevented insight into true methane temporal variability at that time. The goal of our 
updated study is to investigate the precision of the last generation (channel 6) 
SCIAMACHY retrievals IMAP-DOAS v49 and WFM-DOAS v1.0 in comparison to retrievals 
from ground-based MIR measurements of the European FTIR network. We first briefly 
discuss the origin and magnitude of the natural variability of columnar methane. 
Subsequently, our study investigates all factors which can be optimized to improve 
precision of ground-based MIR-FTIR retrievals of columnar methane. This includes an 
optimized Tikhonov-type regularization tuned in a way to minimize the diurnal variability of 
retrieved columnar methane. We also discuss ways to select and average individual-pixel 
satellite data in order to reflect true day-to-day variability and make them comparable to 
ground-based data. 
Comparison of ground-based FTIR-data to
ENVISAT/SCIAMACHY (Selection)




































































































Selection and averaging of individual-pixel
satellite data
Fig. 3. An average of (SCIA) pixels within a 
certain selection radius tends to see the 
same (in case of the planetary wave length 
is bigger than the selection radius) or slightly 
smaller (in case of  planetary wave length is 
smaller than the selection radius) day-to-day 


































3.943.40 1.090.57 0.340.13   1.601.71 56.40174.22SCIA 1000
4.083.251.110.76 0.420.33   1.551.80 23.3957.38SCIA 500
3.753.31 1.331.17 0.590.48   1.451.62   7.7113.47SCIA 200
















































1.361.17 1.091.600.350.40 1.332.05 31.9789.79SCIA 500
1.060.961.251.250.530.55 1.291.95 7.2922.51SCIA 200
---1.44 1.04 1.81 2.43 <341>FTIR
Wollongong 2004 (dofs=2.24)







































Fig. 1. Common Toon balloon profile 
adapted for tropopause altitude via the 
linear transformation described in Arndt 














































2.642.21 1.240.68 0.420.141.581.87 32.42248.12SCIA 1000
2.822.33 1.330.86 0.520.25 1.621.63 15.6176.15SCIA 500
2.691.99 1.521.25 0.820.54 1.831.79 6.0420.65SCIA 200















































2.911.560.920.840.310.21 1.551.75 43.86158.72SCIA 1000
2.811.721.180.750.430.31 1.401.71 12.7054.77SCIA 500
2.672.351.230.740.500.40 1.191.31 5.9719.13SCIA 200
---1.00 0.33 0.65 4.04 <129>FTIR
Bremen 2003 (dofs=2.15)
1st column: AVi(ni), i.e. average of 
individual measurements ni during 
each measurement day and the 
total number of spectra.
2nd column: AVi(σi), i.e. average 
of the “single-value  standard
deviations“ calculated from the 
individual measurements for 
different days.
3rd column: AVi(σi/sqrt(ni)), i.e. 
average of the “standard 
deviations of the daily mean 
values“ calculated from the 
individual measurements for the 
different days.
4th column: Standard deviations 
of the daily mean data sets 
normalized to the annual cycle 
(polynomial fit). 
5th column: Bias between FTIR 
daily means and the average of all 
SCIAMACHY pixels of one day 
within the specified radius 




















Fig.2. Tikhonov first derivative regularization 
L1 with same regularization strength α for all 
stations tuned for minimum XCH4 diurnal 
variation/ minimum day-to-day variability.
